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150a Sunday, February 16, 2014active canine mutant NCX (680-685). In these experiments NCX was activated
in the HEK293T cells by a rapid increase in the intracellular [Ca2þ] produced
by flash photolysis of a caged Ca2þ compound (PGTA) under single electrode
whole cell patch clamp conditions. Two components of INCX membrane current
were produced in cells expressing either WT NCX or mutant NCX. In addition,
the deactivation kinetics of the WTNCXwas investigated and compared to that
of mutant NCX. The decay time constant of the NCX tail currents, which
occurred following the return of membrane potential to the negative holding
potential, was compared for WT and mutant NCX. The deactivation kinetics
of the tail current in cells expressing the WT NCXwas found to be significantly
slower than that in cells expressing the mutant NCX. Mathematical modeling
was utilized to further understand the time-dependent allosteric regulation of
NCX. Combining both experimental and modeling approaches yielded a better
understanding of the Ca2þ-dependent activation process of NCX, the transport
kinetics of NCX, as well as the contribution of NCX to cellular Ca2þ dynamics.Ligand-gated Channels I
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Upon binding of the neurotransmitter glutamate, NMDA receptors generate
Ca2þ permeable currents that are important for neuronal development and syn-
aptic plasticity. A handful of pathogenic mutations in genes encoding NMDA
receptor subunits have been identified in human neurodevelopmental pheno-
types such as epilepsy, developmental delay, or intellectual disability. A de
novo missense mutation in GRIN2A was recently identified in a child with
intractable seizures and epileptic encephalopathy. We have examined the
gating properties of this L812M mutated receptor using single-channel record-
ings. We implemented an algorithm in Matlab for maximum likelihood estima-
tion of the rate constants in the gating mechanism. An exact correction for
missed events (Hawkes, Jalali, and Colquhoun 1990) was employed to calcu-
late the likelihood of the idealized state transition sequence. Fitting of idealized
single-channel data to a gating mechanism involving one independent transi-
tion for each subunit in the NMDA receptor tetramer followed by a final
concerted opening step revealed that the L812M mutation caused a significant
increase in the forward rate constants governing the gating transitions but had
no effect the reverse rates or on the channel opening or closing rates. That is,
the L812M mutation accelerated the gating transitions leading to opening of
the ion channel pore. Structural homology models of GluN2A show residue
Leu812 is located in the linker region between the agonist binding domain
and the M4 transmembrane helix, and suggest Leu812 is in close vicinity of
the M3 transmembrane helix and pre-M1 helix of GluN1. Therefore, these re-
sults suggest that interactions between the M4 helix and neighboring regions of
the receptor, including the M3 helix, comprise an important structural determi-
nant controlling opening of the channel.
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The cation-binding pocket is integral to the stability of the kainate receptor
dimer interface, allowing proper activation of the receptor. Interestingly, a dou-
ble cysteine mutation (Y521C/L783C GluK2) across the interface eliminates
the need for occupancy of this pocket. We therefore hypothesized that this mu-
tation greatly disturbs the electrostatic environment of the dimer interface and
functions solely because of disulfide bond formation. Molecular dynamics sim-
ulations of Y521C/L783C showed disrupted interactions across the dimer inter-
face mainly due to increased water accessibility. This occurred with or without
a disulfide bond in the double cysteine simulations, consistent with our hypoth-
esis. We next investigated the cysteine mutations in isolation and found that
single cysteine or serine mutations at Y521 yielded macroscopic currents
from outside-out patches that decayed much slower than wild-type but hadsimilar amplitudes (>1 nA). However, L783C alone yielded no discernible cur-
rent and responses from L783S were greatly reduced (&lt;10 pA currents).
Analysis of the likely interactions that occur at L783 show that it is part of a
hydrophobic pocket that prevents water access to the dimer interface. Simula-
tions further support this idea as they demonstrate that both cysteine and serine
substitution at the 783 position allow increased hydration of the interface. One
final prediction follows that in electrophysiological experiments if the disulfide
bond is cleaved then the exposed cysteines should disrupt their surrounding
environment thereby disturbing receptor function. Indeed, in oxidizing condi-
tions there was an 80% decrease in the current amplitude that was recovered
in reducing conditions. In conclusion, we propose that the excess water in
the dimer interface interrupts the normal interactions required for activation.
Altogether, these experiments are consistent with the hypothesis that the elec-
trostatic environment of the dimer interface is perturbed by the cysteine muta-
tions at these residues.
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Previous studies have identified transmembrane AMPA receptor regulatory
proteins (TARPs), the auxiliary AMPA receptor subunits, could modulate the
gating properties of AMPA receptor by slowing desensitization and deactiva-
tion of AMPA receptor. Here we compared the effects of four TARP isoform
on the recovery of AMPA receptor. Different isoform has different effect on
receptor response to repeat activation. The effect of g-3 and tandem on repeat
activation from short pulse is very similar, which suggest that g-3 dissociating
with AMPA receptor slow. Each isoform accelerated the recovery from desen-
sitization of GluR1 current, but the speeding was greatest for g-4 and g-8. The
results of the recovery of chimeras slower than the origin isoform indicate Ex1
domain is not the key fact determining the modulation of TARPs on AMPA re-
ceptor recovery. In conclusion these results extend our understanding how
TARPs modulation AMPA receptor.
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AMPA receptors (AMPARs) mediate most of the fast excitatory synaptic trans-
mission in the brain. Native AMPARs typically form heterotetrameric com-
plexes and associate with a variety of auxiliary subunits. Stargazin (gamma2)
is the prototype and most studied member of the transmembrane AMPA recep-
tor regulatory proteins family, and regulates several properties of AMPARs.
The functional properties of AMPA receptors expressed at synapses shape syn-
aptic currents and determine the short-term plasticity of the synaptic response.
Determining the factors that control the gating of AMPA receptors is therefore
crucial to understanding how neurons process and encode information.
Several models have been proposed to explain the mechanism of action of star-
gazin. However, none of these proposed mechanisms was able to describe all
the effects of gamma2 on AMPARs. In order to better understand how stargazin
modulates the gating of AMPARs we tested the effect of a family of mutant
GluA2 receptors with altered kinetic properties in outside-out patches using
fast perfusion.
Analysis of the kinetic profile of the mutant receptors in complex with stargazin
showed that the ability of stargazin to modulate these properties was dependent
on the stability of the desensitised state of the receptor. Mutants with a very sta-
ble desensitised state showed no effect on desensitisation and deactivation,
whereas receptors with a less stable desensitised state were more profoundly
affected by stargazin. The increase in the steady state current induced by star-
gazin was also inversely correlated to the stability of the desensitised state.
These inverse correlations suggest that the interaction between stargazin and
the GluA2 AMPA receptor is state dependent. A kinetic model in which star-
gazin preferentially modulates the active state of the receptor can describe
all the experimental data and previously unknown properties of the complex.
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The ionotropic glutamate (iGlu) receptors mediate fast excitatory synaptic
transmission in the central nervous system (CNS). The iGlu receptors are
